ABSTRACT: 12 The performance of coastal vertical seawalls in extreme weather events is studied numerically, aiming 
INTRODUCTION 27
Extreme waves, which are also known as freak waves, rogue waves or killer waves, are relatively large 28 and rare local water surface elevations that pose potential threats even to navigation vessels and offshore 29 structures. The occurrence of extreme waves has been well documented and is believed to be responsible 30 for many reported accidents. A list of eleven documented catastrophic ship collisions off the Indian Coast 31 of South Africa was reported as a result of freak waves [1] . Lavrenov [2] found that the mechanism of 32 vertical seawalls is important and forms a focus of this study. 48 In the existing design methods, extreme waves are usually simulated by periodic waves with the wave 49 height and the wave period corresponding to identified extreme conditions. Extensive research has been 50 carried out for investigating pressures on vertical walls due to regular waves, such as [12 -14] . The Goda 51 formula [12] is one of the most popular equations for the design of coastal structures, and has been 52 adopted by Japan Standard for estimating wave forces on vertical walls [37] . Lin [15] carried out a series 53 of experiments to measure pressures on vertical breakwaters in the presence of regular waves and found 54 that the pressure distributions on vertical walls are different from those predicted by Goda's theory. 55 The random and broad-banded nature of ocean waves cannot be taken into account by using regular 56 waves. This often leads to inaccuracy in the estimation of fluid loading for practical applications. The 57 experimental study in [16] shown that the maximum pressure on the vertical wall due to irregular waves 58 is larger than that in regular waves near the still water level. Chiu et al. [17] found that the use of regular 59 wave leads to an underestimation of wave forces acting on vertical breakwaters by comparing the results 60 of regular waves and irregular waves. They found that the Goda formula [12] would either under-estimate 61 or over-estimate the wave forces on the vertical wall. More studies on random wave impacting on vertical 62 walls can be found in [18 -20] .
Random wave simulation is very inefficient due to requirements of very long run-time in order to capture 64 near-extreme events. Wave reflection due to finite sized tanks is another issue in long time-domain 65 simulations. An accurate description of the average shape of an extreme event, in which a single large 66 event formed by focusing all wave components tapers away either side of the large crest, provides a good 67 alternative to random waves. This type of extreme events is commonly referred to as a focused wave 68 group in which both the frequency spectrum and phase of the wave components are carefully controlled 69 so that the constructive interference occurs at one point in space and time. Tromans et al. [21] proposed 70 a design formulation to describe the mean shape of an extreme event, and this formulation has 71 subsequently been validated by comparing with field measurements in [22] . Baldock et al. [23] presented 72 a series of physical experiments in which a large transient wave group was produced by focusing a large 73 number of wave components. The focused wave group technique has also been used for studying extreme 74 events from a given random sea-state of known spectral content [24 -31] . 75 To date, the knowledge on wave pressures due to focused wave groups on vertical seawalls is still rather 76 limited. Improved understanding of spectral and extreme characteristics of wave pressure on a vertical 77 seawall has the potential to lead to better and safe designs of coastal and offshore structures. In this paper, 78 the fully nonlinear numerical model developed to study the evolution of the focused wave group in [32] The concerned problem can be described as an initial-boundary value problem mathematically and solved The simplified geometry of an extreme wave hitting on a vertical seawall is shown in Fig.1 
where g represents the acceleration due to gravity, xs denotes the position vector of a fluid particle on the 111 free surface,  is the instantaneous free surface elevation and D/Dt is the material derivative. 
The first of these expressions is for regular waves, the second is for focused wave groups, where 
is the transfer function for piston-type wave-maker and h is the 126 static water depth.
127
A ramping function is applied to increase the motion of the wave-maker gradually,
where Tm is a short time duration during which the input wave is ramped. In this study, for regular waves calculating t among which the backward finite difference technique is the simplest and is widely applied.
152
However, it is unstable in most cases, especially for the cases with objects moving or piercing through 153 the free surface [34] . In the present study, the so-called acceleration potential method is applied. 
159
The boundary integral equation to be solved for t is,
Once t is obtained, the wave pressure can be calculated from Eq. (6). Then the wave loads can be amplitude. This is attributed to the nonlinearity in waves and interactions between waves and structures. . been observed, and compared with the free surface run-up, the non-linear effect on the wave loading is 323 less significant, with only 77% increase in the linear wave loading. Similar conclusion has been presented 324 in [28] in which focused wave group interactions with a vertical cylinder was investigated using viscous 325 flow theory. Additionally, a phase difference of 180 degrees was observed between the second-order 326 difference terms of the free surface elevation and wave loading.
327
The effect of the vertical seawall is further studied by varying the wall position. 
386
The phase difference between harmonics could lead to the reduction in the total surface elevation, as 387 shown in Fig. 2 and Fig. 9 . The mutual effect of the increasing incident wave energy and larger harmonics 
